Objectives: To investigate Black-White disparities in suboptimal sleep and cardiometabolic health by government-assisted rental housing status. Design: National Health Interview Survey (NHIS) pooled cross-sectional data (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014)(2015)(2016). Setting: United States. Participants: Black and White adult participants (n = 80,880). Measurements: Poisson regression with robust variance was used to estimate prevalence ratios (PRs) and 95% confidence intervals for self-reported unrecommended (b6 hours), short (≤6-b7 hours), and long (N9 hours) sleep duration (each separately vs recommended (≤7-9 hours)) and sleep difficulties (eg, trouble falling/staying asleep ≥3 days/week) (yes vs no) among Blacks compared to Whites within rental housing categories (government-assisted vs unassisted), separately, for men and women. Within sex/housing categories, we applied the same approach to compare cardiometabolic health outcomes (ie, overweight/ obesity, hypertension, diabetes, heart disease, stroke) between Blacks with worse sleep and Whites with recommended sleep. Models were adjusted for age and other potential confounders. Results: Participants' mean age was 42 ± 18 years, 57% were female, and 30% Black. Blacks in unassisted housing had a higher prevalence of unrecommended and short sleep (PR = 1.22 [1.15-1.30] -men, PR = 1.14 [1.08-1.21] -women) compared to their White counterparts (p housing⁎race = 0.001 -men, p housing⁎race = 0.008 -women), but no Black-White differences (PR = 0.88 [0.73-1.07] -men, PR = 0.98 [0.89-1.09] -women) were observed among government-assisted renters. Generally, Blacks were less likely to report sleep difficulties than Whites. Cardiometabolic health disparities between Blacks with worse sleep and Whites with recommended sleep were generally smaller among government-assisted renters, but relationships varied by sex. Conclusions: There were no racial disparities in short sleep duration, and cardiometabolic health disparities were generally attenuated when Blacks and Whites resided in government-assisted rental housing.
Introduction
Blacks in the United States are more likely than their White counterparts to have established cardiovascular disease (CVD) risk factors, 1 and are twice as likely to die from CVD. 2 Although poor sleep is a less well-established contributor to racial/ethnic disparities in cardiovascular health, 3 it has been associated with an increased risk of obesity, hypertension, type 2 diabetes, coronary heart disease, stroke, and premature mortality. [4] [5] [6] While one-third of US adults report not getting the recommended amount of sleep suggested for optimal health, 7, 8 Black/African-American adults (46%) are more likely to report not obtaining the recommended amount of sleep. 7 Given the apparent detrimental impact of poor sleep on cardiometabolic health and Black-White disparities in sleep health, 7, 9, 10 sleep may help explain recalcitrant, poorly understood disparities in cardiometabolic health by race/ethnicity. 3 Housing tenure, the financial arrangement by which housing is occupied, may contribute to racial/ethnic disparities in sleep and cardiometabolic health by determining where individuals live and their direct exposures, but there is limited research regarding these relationships in the epidemiologic literature. One prior study of British adults found that compared to homeowners and private renters, residents in public housing or government-assisted rentals -where they have lower rent because it is partially paid by the local, state, or federal government -had a higher prevalence of frequent sleep problems. 11 There are currently no comparable studies among US adults (to our knowledge), but data from the American Housing Survey (2011 and 2013) suggest that government-assisted renters may live in residences with more severe physical problems/breakdowns (e.g., plumbing and sewage disposal breakdowns, heating equipment breakdowns, and leaking water inside units) compared to unassisted renters. 12, 13 Although differences were small, other issues more prevalent among government-assisted renters include inadequate heating and insulation, cold temperatures in the winter, peeling paint, and signs of rodents and cockroaches. 13 These suboptimal environmental features of housing could contribute to noise pollution due to poor insulation, suboptimal indoor temperatures, and poor indoor air quality, which are factors that can negatively affect one's ability to initiate and maintain healthy sleep. 14 Furthermore, social environments may be worse among public housing tenants who reported lower neighborhood ratings compared to unassisted renters. 12 Neighborhood factors (eg, noise, air pollution, high crime due to poverty) are also more common among low-income residences. 15 Such exposures are increasingly associated with worse sleep and cardiometabolic health outcomes (eg, obesity, cardiovascular disease). 3, 16 Black-White disparities in both sleep and cardiometabolic health have been observed in prior literature, and the historical legacy of racial residential segregation likely contributes to these disparities due to the potential for vastly different physical and social environmental exposures by race whereby Blacks generally experience more inopportune, health damaging exposures. 15 However, Blacks and Whites living in government-assisted housing are likely to live in more similar environments that impact sleep and cardiometabolic health. In fact, previous studies have demonstrated similar housing environments between Black and White residents of assisted housing 17 as well as reduced or non-existent racial disparities in sleep and cardiometabolic health outcomes when low-income Blacks and Whites live in similar or integrated environments. 18, 19 However, these studies did not measure housing tenure as a possible modifier of racial disparities in poor sleep and cardiometabolic health. Given the potential environmental commonalities between Black and White residents of government-assisted rental housing, it is important to consider housing tenure in investigations of racial disparities in sleep and cardiometabolic health. Therefore, the objective of our study was to investigate housing tenure as a potential modifier of associations between race and (1) sleep duration/quality and (2) cardiometabolic health outcomes in a nationally-representative sample of US-born Black and White housing renters. We investigated men and women separately because sleep characteristics like insomnia symptoms, relationships between home socioeconomic environments and sleep, and racial disparities in cardiometabolic health outcomes like obesity vary by sex. [20] [21] [22] We hypothesized that smaller disparities in sleep and cardiometabolic health would be observed between Blacks and Whites living in government-assisted rental housing compared to Blacks and Whites living in unassisted rental housing.
Participants & methods
The National Health Interview Survey (NHIS)
We analyzed a series of cross-sectional data from the NHIS for the survey years 2004-2016. NHIS is an annual household interview survey that employs a multistage sampling design, which permits representative sampling of the non-institutionalized US civilian population. A detailed description of the NHIS is published elsewhere. 23 Briefly, interviewers, trained by the US Census Bureau per National Center for Health Statistics (NCHS) procedures, obtained self-reported sociodemographic characteristics and health information through in-person interviews from a probability sample of households. A random adult and child (if present; not included in this analysis) provided additional health information. Data were collected with computer-assisted personal interviewing. The response rate for adults was 81% (range: 74.2% in 2008-83.8% in 2004). Participants provided written informed consent, and NHIS protocols were approved by the NCHS review board.
Study population
We included participants who were at least 18 years of age, rented their homes, and self-identified their race/ethnicity as non-Hispanic White or non-Hispanic African-American/Black. Participants were excluded if they had missing data for housing tenure, cardiometabolic outcomes (including weight/height), sleep duration (b3%), or if they reported b3 or N 22 hours of sleep duration. We also excluded participants born outside of the United States because evidence suggests sleep pattern differences exist between foreign-born and native US residents. 24 Our final analytic sample consisted of 80,880 adults.
Measures

Race/ethnicity
Participants were asked what race or races they considered themselves to be and could select one or more of 12 categories. Participants were also asked to report Hispanic or Latino ethnicity. Our analysis was restricted to participants who self-identified as non-Hispanic/Latino and either White or Black/African-American (hereafter referred to as White or Black).
Government-assisted rental housing status
Only families who rent their houses or apartments were asked about government-assisted rental housing. Participants were classified as government-assisted renters if they provided an affirmative response (yes vs no) to the following question: "[Are you/Is anyone in your family] paying lower rent because the Federal, State, or local government is paying part of the cost?"
Sleep duration and sleep difficulties
NHIS interviewers were instructed to record the number of hours slept on average during a 24-hour period in whole numbers, rounding values 30 minutes or more up to the nearest hour and otherwise rounding down to the nearest hour. 23 Based on the National
Sleep Foundation recommendations, we categorized sleep duration as unrecommended (b6 hours), short sleep (≤6-b7 hours), recommended sleep (≥7-≤ 9 hours), and long sleep (N9 hours). 8, 25 We combined unrecommended and short sleep into a short sleep category (b7 hours) in analyses regarding cardiometabolic health. In addition to being recommended by the National Sleep Foundation, seven-to-nine hours of sleep was used as the reference category because it is associated with the lowest levels of morbidity and mortality. 26, 27 Health behaviors beyond sleep duration were smoking status (never, former, current), alcohol consumption (never, former, current), and leisure-time physical activity (never/unable, low, high). Lastly, we categorized self-reported health status as excellent/very good, good, or fair/poor.
Statistical analysis
Thirteen survey years of NHIS data (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) were merged by the Integrated Health Interview Series. 29 In all analyses, we used sampling weights that account for the complex sampling design, oversampling of subgroups (eg, racial/ethnic minorities, elderly), and non-response. 23 We calculated standard errors by applying Taylor series linearization. Each statistical test was two-sided and a pvalue of 0.05 was used to determine statistical significance. For all analyses, we used STATA 14 statistical software (Stata Corporation, College Station, Texas, USA). Using the direct standardization method, we calculated age-standardized, weighted percentages of all categorical variables by sex, race, and government-assisted housing status. All percentages were standardized to the age structure of the 2010 census. After the a priori stratification of government-assisted housing status and sex, we used Poisson regression models with robust variance estimators to calculate prevalence ratios (PRs) and confidence intervals (CIs) to compare dichotomously-categorized sleep and cardiometabolic health outcomes between Blacks and Whites in the models described below. White participants were the reference group for these comparisons because Whites 1) had the largest sample size for greater statistical stability and 2) are the majority population in the United States. We compared sleep duration (unrecommended, short, and long sleep duration (separately) vs recommended sleep duration) and sleep difficulties between Blacks and Whites and calculated housing tenure-by-race and sex-by-race interaction terms using log likelihood tests for statistical significance. By sex within housing category, we then compared the prevalence of each cardiometabolic health outcome (ie, hypertension, overweight, obesity, diabetes, heart disease, and stroke) between (1) Blacks with short sleep duration, (2) Blacks with recommended sleep duration, and (3) Blacks with long sleep duration to Whites with recommended sleep duration. We used this approach to determine how racial differences in cardiometabolic health were affected by sleep duration within each housing category and sex. Lastly, we combined sleep duration and difficulty measures to create a poor sleep (short sleep, long sleep, trouble falling asleep, trouble staying asleep, not feeling rested most days, or sleep medication use) versus non-poor sleep (recommended sleep duration and no sleep difficulties) variable to compare the prevalence of cardiometabolic health outcomes for Black men and women with poor sleep to their White counterparts with non-poor sleep within each housing tenure category. Due to differences in data collection, measurement of poor sleep was possible for participants interviewed during 2013-2016. All final models were adjusted for a priori potential confounders: age category, educational attainment, annual household income, occupational class, general health status, and region of residence.
Results
Study population characteristics
The age-standardized prevalence of sociodemographic characteristics, health behaviors, cardiometabolic health outcomes, and general health status are described by government-assisted housing status among 80,880 White and Black renters (Table 1) . Nine percent of men (46% of whom were Black) and 20% of women (54% of whom were Black) were government-assisted renters.
Sociodemographic characteristics
Regardless of government-assisted housing status, White men and women were more likely to have completed at least some college. Black male and female government-assisted housing renters mostly resided in the Southern United States while their White counterparts were more evenly distributed across the United States.
Sleep duration and difficulties
Among government-assisted renters, Black and White men had a similar prevalence of habitual unrecommended (15% White, 14% Black) and short sleep duration (20% White, 19% Black), but White men were more likely to report long sleep duration (13% White, 9% Black). Among unassisted renters, Black men had a higher prevalence of unrecommended (13% vs 10%) and short sleep duration (25% vs 22%) than White men. Similarly, Black and White women in government-assisted housing had a similar prevalence of unrecommended and short sleep duration, but White women had a higher prevalence of long sleep. Black women had a higher prevalence of unrecommended (14% vs 11%) and short sleep (24% vs 22%) duration compared to their White counterparts in unassisted housing. Regardless of housing status, White adults more often reported trouble staying asleep and sleep medication use compared to Black adults.
Cardiometabolic health
The prevalence of most cardiometabolic health outcomes, including obesity, was higher among Blacks compared to Whites, and these racial differences were often greater among unassisted renters compared to government-assisted renters. Conversely, Blacks had a lower prevalence of heart disease than Whites.
Black-White disparities in sleep duration/difficulties by housing tenure
There were no Black-White disparities in unrecommended and short sleep duration among government-assisted renters; Supplemental Fig. 1b) .
Racial disparities in cardiometabolic health outcomes by housing tenure
Racial disparities in cardiometabolic health were similar across sleep duration categories and generally stronger among unassisted renters compared to government-assisted renters (Table 3) . For both sexes, comparing Blacks with short and recommended sleep to Whites with recommended sleep, Black-White differences in the prevalence of overweight and obesity were consistently greater among unassisted renters compared to government-assisted renters. compared to White male recommended sleepers; but, among unassisted renters, Black male short sleepers had a 13% (PR = 1.13 [95% CI: 1.09-1.17]) higher prevalence of overweight and 35% (PR = 1.35 [95% CI: 1.26-1.44]) higher prevalence of obesity compared to White male recommended sleepers. Black female short and recommended sleepers had a higher prevalence of hypertension, overweight, and obesity regardless of housing tenure; however, racial differences were also greater among unassisted renters compared to government-assisted renters. For instance, Black women with short sleep in government-assisted housing had a 29% (PR = 1.29 [95% CI: 1.18-1.41]) higher prevalence of hypertension, but those in unassisted housing had a 55% (PR = 1.55 [95% CI: 1.44-1.67]) higher prevalence of hypertension compared to White counterparts with recommended sleep duration. Racial differences in cardiometabolic health outcomes between Black long sleepers and White recommended sleepers did not vary by housing tenure. Overall, Blacks were less likely to report heart disease than Whites.
When sleep duration and sleep quality were combined to compare Blacks with poor sleep to Whites with non-poor sleep, results described in Table 4 were similar to those observed in Table 3 (except for hypertension among men). Among men, there were no racial differences in certain cardiometabolic health outcomes (ie, overweight, obesity, diabetes, heart disease) between Black poor sleepers and White non-poor sleepers in government-assisted housing; however, among unassisted renters, Black men with poor sleep had a higher prevalence of overweight, obesity, and diabetes than White men with non-poor sleep. Racial differences in cardiometabolic health between Black women with poor sleep and White women with nonpoor sleep in unassisted housing were greater than racial differences observed among government-assisted renters. For example, Black women with poor sleep in government-assisted housing had a 36% higher prevalence of obesity (PR = 1.36 [95% CI: 1.12-1.66]), but Black women with poor sleep in unassisted housing had a 76% higher 
Discussion
In a nationally representative study of US-born Black and White adult residents of rental housing, we found important Black-White disparities in sleep and cardiometabolic health outcomes that varied by housing tenure among both men and women. There was no racial disparity in the prevalence of unrecommended and short sleep duration between Blacks and Whites in government-assisted housing, but Blacks in unassisted housing were more likely to report unrecommended, short, and long sleep duration than their White counterparts. However, Whites were generally more likely to self-report sleep difficulties. Among men, we observed Black-White racial disparities in overweight, obesity, and diabetes only among residents of unassisted housing across sleep duration categories. Worse cardiometabolic health was apparent among Black compared to White women regardless of sleep duration and housing tenure. However, the racial disparities in hypertension, overweight, and obesity associated with worse sleep among Black women were greater among residents of unassisted housing.
Our results are consistent with prior research. In Great Britain, residents of public housing reported a higher prevalence of sleep problems compared to private renters. 11 Similarly, in our study, government-assisted housing renters often had worse sleep than their counterparts in unassisted housing. Furthermore, studies of BlackWhite disparities in poor sleep and cardiometabolic health have consistently shown a higher prevalence of each among Blacks compared to Whites. 3, 30 Prior research also shows -like our study -that although Black-White disparities in short sleep and poor cardiometabolic health persist in the general population, those racial disparities attenuate or even disappear when Blacks and Whites are socioeconomically similar and reside in comparable environments. Environmental similarities between Blacks and Whites in government-assisted housing and dissimilarities between Black and White unassisted renters could explain the variation in sleep disparities by housing tenure. In the American Housing Survey, compared to unassisted renters, government-assisted renters were more likely to report poor insulation, cold temperatures, and conditions that could result in a suboptimal sleep environment and thus poor sleep. [12] [13] [14] Black and White government-assisted renters may live in comparable suboptimal sleep environments. Furthermore, income disparities by race in which Blacks, on average, have lower incomes and consequently, have a greater likelihood of living in worse housing conditions than Whites can result in racial differences in home environments, especially among unassisted renters. Furthermore, the removal of socioeconomic dissimilarities among government-assisted renters may affect observed racial disparities in sleep. For example, in an analysis of NHIS 2004-2015 data, there were no racial differences in short sleep duration between Black and White mobile home/trailer residents who likely lived in similar low income and lower quality housing, but among apartment/house residents, Black men and women had a higher prevalence of short sleep compared to their White counterparts. 31 Outside of the home, worse neighborhood environmental conditions may lead to greater exposure to psychosocial stressors (eg, social disorder, lack of safety, low social cohesion) that likely contribute to harmful health behaviors, insufficient sleep duration, and poor cardiometabolic health. 16, [32] [33] [34] [35] [36] [37] Furthermore, poor sleep can subsequently affect cardiometabolic health by affecting the diurnal patterns of blood pressure and heart rate, insulin sensitivity, and ability to maintain physiological homeostasis. 3 Factors related to housing environment differences, or lack thereof among government-assisted renters, not race, could partially explain the observed variation in racial disparities in sleep and cardiometabolic health by housing tenure. Nonetheless, disparities in cardiometabolic health between Blacks and Whites with recommended sleep duration were only marginally attenuated compared to those observed between Blacks with short sleep and Whites with recommended sleep duration. This finding suggests there are other factors in combination with sleep and housing tenure requiring further investigation of Black-White cardiometabolic health disparities.
Our study has several limitations. First, all data were self-reported and there is potential for misclassification/measurement error. Specifically, the rounding up and down of sleep duration to the nearest hour may result in misclassification of individuals into sleep duration categories and affect results. While housing tenure is unlikely to be misreported, participants have been shown to overestimate sleep duration and Whites are more likely to report sleep difficulties despite worse objectively-measured sleep among racial/ethnic minorities. [38] [39] [40] Future studies including objective sleep measures or statistical correction for errors are needed. Compared to higher-income adults and Whites, low-income individuals and racial/ethnic minorities may also be more likely to underreport physician diagnoses of cardiometabolic health outcomes due to limited healthcare access and utilization. The results suggesting a lower prevalence of selfreported heart disease among Blacks compared to Whites could be due to differential access to and utilization of healthcare whereby heart disease among Blacks is under-diagnosed and/or underreported. Second, the cross-sectional study design prevented our ability to establish temporality and avoid biases related to endogeneity and reverse causation, which may mask the dynamic nature of housing tenure. Third, detailed residential environment data were not available. For instance, we were unable to distinguish between distinct types of government-assisted housing, locations, and neighborhoods in which renters live. We were also unable to adjust for factors (eg, neighborhood social cohesion) that may buffer the effects of an otherwise adverse environment on health. Future research using longitudinal designs should consider these physical and social environmental factors along with accessibility of resources, and other environmental exposures surrounding the housing environment. It would also be useful to incorporate biological data like biomarkers to better understand how these environmental factors affect health. Lastly, some results could be due to chance because we tested for multiple associations; however, we sought to capture any possible associations that offer opportunities for future research. Despite the limitations, this study has several important strengths. Most prior epidemiologic studies have focused on the neighborhood rather than housing tenure as a proxy for more immediate exposures, but we investigated the understudied associations between this exposure, sleep, and cardiometabolic health. We used recently available data to capture contemporary racial disparities and broadened the findings of the aforementioned nationally representative British study 11 to a large, representative sample of USborn Black and White adult rental housing residents in the United States; thus, our findings extend the existing literature. Additionally, the NHIS has quality control procedures that increase the validity of the findings. We also had a large population of Black men and women, which allowed for robust stratification by sex and housing tenure. Furthermore, we estimated prevalence ratios, rather than odds ratios which can overestimate prevalence when outcomes are not rare. This study has several public health implications and future research directions in addition to those previously mentioned. First, the potential economic and health effects of political policies and decisions should be considered. Certain policies (eg, density zoning [regulations of residential construction density], gerrymandering, and land-use laws) contribute to the supply, price, and distribution of affordable housing. 41 Such policies affect housing and surrounding environments and may result in differential sleeping environments between Blacks and Whites. Second, social determinants of health that may contribute to racial differences in housing environments like residential segregation which remains pervasive in the United States, 42 and other housing environment exposures are understudied and often not collected by national health surveys. If these measures were available, research could better elucidate their independent and combined relationships with sleep and cardiometabolic health. Third, we largely observed racial disparities among women regardless of housing tenure. Because women are often primary caregivers, there are implications for children's health and well-being, which deserves more attention. Fourth, it is important to repeat our investigation among other racial/ethnic groups such as Hispanics/Latinos and Asians. Lastly, more research related to relationships between mixed-income housing and health behaviors is necessary.
Conclusions
We found no Black-White disparities in sleep duration and that cardiometabolic health disparities were generally attenuated among residents of government-assisted rental housing compared to unassisted rental housing residents. Black and White residents of government-assisted housing may live in more similar physical and social environments, while higher-income Blacks and Whites are less likely to live in comparable environments. Future longitudinal studies are necessary to examine differences in environmental features that contribute to racial disparities in sleep and cardiometabolic health. Illuminating the various pathways by which these differentially-experienced environmental factors lead to health disparities can provide important insights for intervention development to help prevent disparities in chronic disease.
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